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INTRODUCTION 
Algae are a heterogeneous complex of organisms which 
comprise the dominant photoautotrophs in many aquatic 
environments (Round 1981, Wetzel 1983a). The major algal 
groups in streams are planktonic algae, metaphyton and 
periphytic algae. The floating communities of algae form the 
phytoplankton (planktonic algae), which include euplankton, 
those algae which are truly planktonic, and pseudoplankton 
(accidental species), those algae that actually belong to 
attached communities but occasionally are found in suspension. 
In small lowland streams, the phytoplankton resembles that of 
ponds in its general composition, while in larger rivers the 
phytoplankton is more like that of lakes, being dominated by 
diatoms (Hynes 1970). Benthic algae are often swept into 
suspension by flowing water and many of the stream plankton 
have benthic origins (pseudoplankton). Blum (1954) for 
example, found that the benthic diatom Nitzschia palea caused 
a dense plankton in a small polluted river in Michigan. 
Mller-Haeckel (1966) found a diurnal pulse of downstream 
drift in species of Navicula. Thalassiosira. Synedra. 
Nitzschia and Gyrosiqma at different seasons in small streams. 
She suggested that the pulse was probably caused by the active 
production of oxygen and the division of the diatoms during 
the daylight hours which made them respectively lighter and 
more likely to be swept downstream. 
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The second group of algae that occurs in rivers is the 
metaphyton. These algae are not actually attached to a 
substratum but are found loosely associated with the attached 
algae, vascular plants and debris. Round (1981) for example, 
has reported a very large number of desmids, especially 
Cosmarium and Staurastrum. on angiosperms in some Finnish 
rivers, and he considered these algae as river metaphyton. 
Due to lack of attachment organs, these algae can be easily 
washed out from amongst the periphyton. Movement of water 
tends to remove the more loosely attached metaphyton, which 
may then be deposited on the sediments in areas of lower flow. 
These algae should not be confused with epipelic flora, which 
inhabit sediments and are actively motile. Metaphyton species 
are nonmotile and cannot survive burial. 
Those algae that grow attached to substrata are termed 
periphytic algae. These algae often dominate algal biomass in 
small streams and shallow lakes. Many different terms have 
been applied to communities of attached organisms by different 
authors. A complete list of terminologies can be found in 
Sldeckova (1962). The German term "Aufwuchs" is synonymous 
with periphyton and used by many authors. Organisms growing 
attached to any kind of substratum are placed in periphyton. 
Wetzel (1983a) described the periphyton as a complex community 
of microbiota that is attached to substrata. The substrata 
can be organic or inorganic, living or dead. 
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The most common categories of algal periphyton 
encountered in rivers are epiphytic, epilithic and epipelic 
algae. Among these, the epipelic algal community is the most 
complex and least well understood. The epipelic algae 
comprise an extremely widespread community occurring in all 
waters where sediments accumulate and light penetrates. The 
epipelic flora in streams where water depth is low is seen as 
a greenish brown film on the sediment surface. This flora is 
usually dominated by pennate diatoms, but may include blue 
green algae and some species of green algae. The epipelon are 
considerably more diverse than planktonic communities and 
comprise an assemblage very distinct from either epiphytic, 
epilithic or planktonic algae (Round 1981, Wetzel 1983b). 
Hundreds of species are involved in the algal association 
of the epipelon. While diatoms are normally the most 
conspicuous algae in both marine and freshwater sediments, 
Cyanophyceae, desmids and some flagellates are common in 
freshwaters (Round 1981). The species are almost all 
microscopic. Most species are highly motile biraphidean 
diatoms. Naviculales and Nitzschiales are most common. 
Motility allows them to counteract burial and sinking. In 
most systems which have been studied, these motile algae 
migrate upward in the sediments during the day and downward 
during the night (Round and Eaton 1966, Round and Happey, 
1965) . 
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The distribution of epipelic algae appears to be very 
dependent on the physical and chemical properties of the 
substratum, although water chemistry and temperature are also 
important factors. In woodland rivers light is limiting due 
to the shade from riparian vegetation. In addition, about 99% 
of light reaching the stream bed is lost by about 0.2 mm in 
mud and 3 mm in sand. Sediment movements which bury the algae 
can be limiting through their effect on light. 
The epipelic algae are important primary producers 
(Stanley 1976, Hickman and Round 1970, Hickman 1971, Moss 
1969) and may assume major importance in overall carbon 
fixation where planktonic growth is low. Miller and Reed 
(1975) have shown that the epipelon of ponds in Alaska 
contribute from 6 to 10 times more carbon fixation than the 
plankton. The primary production of Red Cedar River, Michigan 
is mainly from benthic diatoms, and large numbers of these are 
found in the drift (Ball and Bahr 1975). Despite their 
importance, studies on epipelic flora, particularly of rivers, 
are scant. Quantitative studies of epipelic algae in streams 
take much more effort than ones of plankton (Oppenheim 1988, 
Moore 1977b). This is primarily because of the problems of 
obtaining representative, quantitative samples from a mosaic 
distribution of motile organisms in the field and the 
instability of lotie habitats. There are factors such as 
flood and desiccation which frequently play a major role in 
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rivers, but are only seldom encountered in lakes. These 
factors cause rapid environmental changes in streams and make 
study difficult. The extreme heterogeneity that exists not 
only within the epipelic community but also among habitats of 
lakes and streams make study very difficult. The settling of 
phytoplankton species from overlying water complicates the 
subject. Standing crop estimates based on chlorophyll are 
subject to contamination by relatively high levels of 
chlorophyll degradation products in sediments. Measurements 
of algal photosynthesis are difficult due to activity of the 
large standing crop of heterotrophs whose respiration could 
mask low net photosynthetic rates when measured by the oxygen 
method. Labeled carbon productivity measurements are 
complicated by counting in the presence of particulate matter. 
Also it is difficult to enclose representative samples of the 
system for productivity measurements without modifying the 
environment and therefore changing photosynthetic rates. 
Results of experimental manipulation of the environment are 
difficult to interpret (Darley 1982). 
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LITERATURE REVIEW 
Seasonal periodicity 
Although the epipelic algae have been recognized for many 
years as important in both freshwater and marine ecosystems, 
little research has been done to characterize seasonal 
patterns. This is mainly due to the difficulty in studying 
these algae. The majority of investigations on the 
distribution of epipelic algae have been concerned with 
individual species and have been short-term studies. In 
addition, most previous studies have been done in lentic 
ecosystems. The majority of these studies indicate that the 
epipelic algae are dominated by motile diatoms, mostly of the 
genera Navicula, Nitzschia. Gvrosiama. Pleurosiqma. 
Cvmatopleura. and Surirella. 
Aleem (1950) and Smyth (1955) have shown that in lentic 
saline environments the epipelic diatom flora remains 
constant, although species may vary in abundance during the 
season. Admiraal and Peletier (1980) studied the distribution 
of diatom species on estuarine mudflats. They indicated that 
the succession of species was related not only to temperature 
and irradiance but also was related to discharges of polluted 
fresh water. 
Moss (1969) studied the standing crop of epipelic algae 
in fresh water ponds. He indicated that the seasonal 
distribution of epipelic algae was different in marginal and 
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deeper waters. Round (1953) studied the epipelic population 
in a lake in the English lake district. He showed that 
diatoms were most abundant in the early spring and in autumn, 
while blue green algae peaked in late spring and green algae 
in May and August. Round (1972) also studied the epipelon of 
two small ponds over a three year period. He discussed the 
periodicity of eight common taxa which also occur in Bear 
Creek. These are Navicula cuspidata. Navicula cryptocephala. 
Nitzschia acicularis. Nitzschia dissipata. Nitzschia palea 
Navicula radiosa. Cvmatopleura elliptica. and Cvmatopleura 
solea. Tai and Hodgkiss (1975) reported that the epipelic 
diatom flora of a reservoir showed a winter peak both in terms 
of cell numbers and chlorophyll. Moore (1979) studied 
attached algal communities in several lakes and concluded that 
the total standing crop of epipelon was highest in summer. In 
other studies Moore (1977a, 1974) indicated that temperature 
had the greatest effect on changes in density of periphytic 
communities. 
Bracher (1929) found that diatom species remained 
constant year round on the River Avon's banks near Bristol, 
England. Sherman and Phinney (1971) indicated that some 
species of benthic riverine communities were found only during 
summer, while the other species were essentially perennial. 
They indicated that decrease in abundance of some species 
during the winter months is a response to decrease in total 
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available light. Mcintire (1968) studied benthic algal 
communities in laboratory streams. He suggested that current 
velocity has a positive effect on the abundance of most diatom 
species, while Melosira variance exhibited a negative response 
to current and showed greatest abundance in standing waters. 
Mcintire and Phinney (1965) reported that in the laboratory 
streams high light intensity induced establishment of the 
algal community. Moore (1976) reported greatest increase in 
the epipelon density during March and April in a slow-flowing 
river. Densities of these algae had a strong correlation with 
temperature. 
Depth distribution 
There have been few studies related either to the 
distribution of epipelic algae along a depth gradient or to 
their vertical distribution in stream sediments. However, 
studies in freshwater lakes generally find densities of 
epipelic algae related to depth of overlying water and 
therefore light availability. Moss (1969) indicated that 
standing crops of the epipelic algae in lakes were low under 
more than 2.5 meter depth of water. Stevenson and Stoermer 
(1981) studied the differences among benthic algal communities 
along a depth gradient in Lake Michigan. They indicated that 
the differences resulted from wave disturbance of the 
substratum, the quantity and quality of light reaching the 
substratum, and sedimentation. Gons (1982) has studied 
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structural and functional characteristics of epipelon in 
relation to their distribution. He indicated that the 
dynamics of epipelon are largely due to redistribution of 
matter within the lake. Moore (1981) studied benthic algae in 
littoral and profoundal zones of subarctic lakes. He 
indicated that the number of epipelic algae declined with 
depth. He concluded that low light levels and temperature 
were the most important factors influencing the density of 
epipelon in deep waters. Stevenson et al. (1985) revealed 
that benthic algae in poorly buffered New England lakes were 
adapted to low light conditions and probably were 
facultatively heterotrophic. They also indicated that 
biovolumes of benthic algae decreased with depth of overlying 
water. Charles (1985) revealed that there may be a strong 
relationship between the diatom assemblages of sediment and pH 
of lakes. Roberts and Boylen (1988) studied the depth 
distribution of epipelon in an acidic lake. They reported 
that the community was dominated by diatoms and there was a 
distinct depth zonation. 
The vertical distribution of diatoms within sediments is 
clearly related to light availability. Light declines rapidly 
in the sediment, and although viable algae may be found at 
considerable depth, most are found within the first few mm of 
the sediment surface. Gargas (1970) indicated that in shallow 
waters, diatoms were found down to 4 cm sediment depth, while 
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at a water depth of 8 meter he found the entire standing crop 
within the upper 2 mm of the sediment. Fenchel and Staarup 
(1971) have studied the depth distribution of diatoms in 
marine sediments. They found cells down to a depth of 16 cm, 
and indicated that in all types of sediments many pigmented 
cells are found below the photic zone. Fenchel and Staarup 
(1971) suggested that diatoms in the aphotic zone of sediments 
can survive for a long time but not grow. In agreement with 
Fenchel, Admiraal and Peletier (1980) showed that a 
considerable part of benthic diatom populations in estuarine 
mudflats is found below the photic layer of the sediment. 
They suggested that growth of these "buried" diatoms is only 
possible through heterotrophic metabolism since light energy 
isn't available. Hopkins (1963) indicated that fine mud 
supports more diatoms than coarse mud and the community on 
fine mud is near to the surface, probably due to rapid" 
extinction of light. Harper (1969) indicated that the photic 
zone rarely extends to a depth of 2 mm, but gave no indication 
of values of incident radiation. Smyth (1955) inserted 
microscope slides vertically in the mud to determine the depth 
of diatom colonization. The densest colonization was 1-3 mm 
above the surface of the mud but some cells were found as deep 
as 7 mm. Aleem (1950) found that epipelic diatoms mostly 
occurred within the top 2 mm of the mud but found some cells 
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at a depth of 14 mm. Palmer and Round (1965) indicated that 
the majority of diatoms are in the top 3 mm of sediment. 
Movement 
Few studies have addressed the migration pattern and 
movement of epipelic algae. However, most of these studies 
suggest diurnal migration patterns occur in epipelic algae. 
Round and Palmer (1966) studied migration patterns by placing 
small squares of lens paper at the surface of sediments, 
removing these at intervals, and transferring cells collected 
in the lens paper onto microscope slides for examination. In 
their studies only the species which were able to move up to 
the sediment surface were identified, and distribution of 
species at different depths remained unclear. In studies of 
vertical migration rhythms. Palmer and Round (1965) found 
persistent diurnal rhythms which continued for as long as 28 
days without light. Moss (1977) showed that activity of 
epipelic algae continues at least three weeks in darkness 
under anaerobic conditions. Moss (1977) also revealed that at 
low oxygen concentrations epipsammic algae maintain their 
activities better than epipelic algae. Round and Eaton (1966) 
studied migration of epipelic algae, and reported that the 
algal populations undergo a rhythmic vertical migration in 
natural daylight conditions, in continuous light, and to a 
lesser extent in continuous darkness. 
12 
Since diatoms move by use of their raphe, most usually 
they appear in valve view on a flat surface. Sometimes 
Pinnularia species move while lying on their girdle bands 
(Harper 1976). Diatoms are incapable of moving in a 
continuous straight line, and they appear to be forced to 
alternate the direction in which any one part of their raphe 
drives them. Their routes are instead a series of curves or 
zigzags depending on the shape of their raphe system. 
Adhesion is necessary for movement and also prevents motile 
diatoms from being washed away by currents. Harper and Harper 
(1967) found that many small diatom species can resist a shear 
stress of 100 dyne cm~^. Diatoms from silt however couldn't 
resist 10 dyne cm~^, except for some Nitzschia species which 
have long raphes in proportion to the size of their frustules. 
Peterson (1987) showed that current shear and flow variability 
can limit diatom accumulation in direct current. Also he 
indicated mucilage production increases with desiccation and 
causes diatom immigration success resulting in both higher 
densities and diversity. 
Distribution of light and oxygen in sediment 
The epipelic algae live in the top few millimeters of 
surface sediments where light penetrates. Although few 
studies have actually measured the penetration of light in 
sediment, it is clear that light declines very rapidly in all 
types of sediment (Jorgensen et al. 1987, Fenchel and Staarup 
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1971, Taylor and Gebelin 1966, Taylor 1964, Haardt and Nielsen 
1980). Fenchel and Staarup (1971) indicated that the photic 
zone of very fine sand is half the thickness of that in coarse 
sand. Jorgensen et al. (1987) indicated that photosynthetic 
activity was found down to a depth of 0.8 to 2.5 mm, where the 
radiant flux at 600 nm was reduced to 0.2 to 0.6% of the 
surface flux. Revsbech and Jorgensen (1986) stated that the 
euphotic zone in the sediments is often less than 1 mm in 
depth. Jorgensen and Des Marais (1986) showed that the photic 
zone of mud was only 0.4 mm deep. 
It is now clear that in addition to light, oxygen 
declines rapidly with depth in lake and marine sediments, but 
until very recently, suitable methods have not been available 
to measure vertical profiles of oxygen in sediments. Due to 
the previous lack of suitable analytical procedures, the 
available information on oxygen concentrations in stream 
sediments is difficult to interpret. All that can really be 
concluded is that at some depth stream sediments do become 
anaerobic. Whitman and Clark (1982) studied the availability 
of dissolved oxygen in the interstitial water of a sandy 
creek. They indicated that dissolved oxygen concentration 
decreased with sediment depth, while conductivity and 
alkalinity didn't change significantly. Cummings (1975) 
stated that in general sediment appears anaerobic below 1-10 
cm for fine homogeneous substrate and 10-30 cm in coarse 
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heterogeneous sediment. Ruttner-Kolisko (1961) found that 
oxygen concentration decreased to less than 1 mg 1~^ below 20 
cm of sediment in four streams that he examined. Husman 
(1971) found a slight oxygen decrease to 3 cm sediment depth 
followed by a rapid rise to nearly 80% saturation in two 
Alpian mountain streams. William and Hynes (1974) rarely 
detected oxygen below 30 cm depth in stream sediment, while 
Poole and Stewart (1976) found oxygen concentrations of 0.4-
0.7 mg 1"^ at 30-40 cm sediment depth. Urban (1971) found 
Mississippi river sediments were devoid of oxygen below 6-9 cm 
depth. 
Revsbech et al. (1980) studied the distribution of oxygen 
in marine sediments using microelectrodes and found that the 
oxygen profiles extended to 3-5 mm depth in nonilluminated 
sediment. Photosynthesis by epipelic algae greatly affects 
the oxygen distribution in sediments. However, even at high 
light intensities and low temperatures, Revsbech et al. (1980) 
did not find oxygen below 10 mm depth in homogeneous sandy 
sediment. Carlton and Wetzel (1988) indicated that sediments 
within the euphotic zone of lakes undergo marked diel 
fluctuation in the depths of oxygen penetration. Using oxygen 
microelectrodes, Reimers et al. (1984) were able to estimate 
oxygen consumption rates beneath the sediment water interface. 
They demonstrated that direct measurements of the interface 
oxygen gradient could be used to predict mass-balances across 
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the sediment water interface. Anderson and Helder (1987) 
using microelectrodes indicated that in sandy beach sediment 
with low carbon content, oxygen is present down to 18 mm 
whereas it is found down to 1-3 mm in organically rich 
sediment. Sweerts et al. (1989) showed that oxygen profiles 
measured in the laboratory in sediment cores taken from 
eutrophic lakes are similar to those measured in situ. They 
indicated that the penetration depth of oxygen decreased from 
4.2 mm to 2 mm if overlying water was not stirred for 24 hr. 
Revsbech and Ward (1983) used oxygen microelectrodes in a 
microbial mat. They showed oxygen penetrated to a 4 mm depth 
and that the photic zone was 1 mm thick. They found the 
highest oxygen concentration 0.5 mm below the surface. 
Jorgensen et al. (1979) indicated diurnal variation with an O2 
peak during the day of 0.5 mM at 1 to 2 mm of depth in a 
cyanobacterial mat sediment. They also showed that the photic 
zone reached 2.5 mm into the mat during summer. In another 
study, Jorgensen et al. (1987) by using microelectrodes 
indicated that an oxygen maximum was present at 0.5 to 1 mm 
depth in cyanobacterial mats. The maximum depth that oxygen 
penetrated was 2.7 mm. Revsbech and Ward (1984) used oxygen 
microelectrodes to reveal that there were very high biological 
activities in the topmost layers of a hot spring microbial 
mat. They showed that at a 1 mm depth and 55°C, oxygen 
reached a concentration of 900 ÎM. De Wit and Gemerden (1988) 
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reported that the oxygen in sediment was found down to 3 mm 
depth with a peak concentration at 2 mm. They showed that 
Chlorophyll a was found down to 4 mm with a peak concentration 
at 1 mm depth. 
Summary 
The epipelon are important primary producers, 
particularly in shallow lakes and rivers. Diatoms are 
invariably the dominant algal group of the epipelon and their 
populations display distinct seasonal fluctuations. The 
general trend of epipelic algal fluctuations in more temperate 
lakes and rivers is that growth commences in the early spring 
and reaches a maximum in April to May after which it declines 
to a mid summer minimum prior to a small maximum that is over 
by November. Although change in temperature is a major factor 
in seasonal succession, no one factor can alone account for 
seasonal fluctuations of the epipelon. Nutrients appear to be 
important in the growth of epipelic algae, and together with 
light, temperature, physical disturbances and biotic 
interactions contribute to the seasonal fluctuations of the 
epipelon. A general characteristic of these seasonal 
fluctuation is their general reproducibility from year to 
year. 
Epipelic algae occur primarily in the upper few 
millimeters of sediment where light penetrates. However, a 
large number of epipelic diatoms occurs at depths below the 
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photic zone, and it may be that at least some of these algae 
act as heterotrophs below the lighted zone. Epipelic algal 
biomass declines with overlying water depth. The majority of 
freshwater epipelic diatoms show a vertical migration rhythm 
which persists over several days in the laboratory. The 
rhythm continues under light/dark conditions and to a lesser 
extent also under continuous light and continuous dark 
treatments. Epipelic algal communities also show a vertical 
distribution along a depth gradient, which is influenced by a 
number of factors. Light is an obvious factor that varies 
with depth, and other factors such as vertical temperature 
differences, chemical gradients, and sediment quality may also 
play a role in the vertical distribution of epipelic diatoms. 
There have been only a few studies concerning the 
seasonal succession of epipelic algae in streams and virtually 
no work on the vertical distribution and migration of algae in 
stream sediments. In situ oxygen profiles in stream sediments 
have not been reported and there has been no work relating 
vertical distribution of oxygen and algal populations in any 
sediments, lake, marine, or stream. 
The specific objectives of this study are: 
1. To investigate the vertical distribution and seasonal 
succession of epipelic algae in stream sediments. 
2. To investigate in situ vertical distribution of oxygen in 
relation to vertical distribution of algae. 
18 
The above objectives would contribute valuable knowledge 
to the field of phycology in general and to the study of 
stream ecology in particular. 
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MATERIALS and METHODS 
Study site 
This study was conducted in Bear Creek, a small 
agricultural stream which has a drainage area of about 82 Sq 
kilometer (USDA 1988) and which enters the South Skunk River 
just north of Ames, Iowa (Figure 1). North of Ames the South 
Skunk River and its tributaries, including Bear Creek, meander 
through a postglacial valley with pool and riffle areas over 
rock, sand, or mud bottom. From Ames south the river follows 
a preglacial channel with a shifting sand substrate (Jones et 
al. 1974). More than 84% of the South Skunk River watershed 
north of Ames is in intensive row crop agriculture, and most 
of it receives annual nitrogen fertilizer applications. Bear 
Creek does not receive any wastewater treatment effluent but 
does receive high nitrate loads due to the intensive row crop 
agriculture in its watershed (Isenhart 1988, Isenhart and 
Crumpton 1989). There have been intensive studies in Bear 
Creek over the past few years (Isenhart and Crumpton 1989). 
Detailed stream surveys have been conducted in Bear Creek to 
estimate stream channel morphometry, stream discharges, and 
stream bottom area. Mass balance studies have been conducted 
to calculate in stream nitrate losses and nitrate flux rates. 
Also, community respiration and gross primary production have 
been calculated from analyses of diurnal changes in dissolved 
oxygen and temperature. The study site was in the middle of a 
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reach which had been studied intensively before. The site was 
located approximately 500 meters upstream from the South Skunk 
River, and was bordered by woody vegetation. 
Field sampling of sediments for epipelic algae 
Epipelic algae were sampled from the study site at midday 
and midnight approximately every two weeks from June through 
October 1987 and from May through October 1988. In June 1989, 
algal samples were taken at midday every day, at midnight 
every four days, and during the same period midday and 
midnight dissolved oxygen microprofiles were taken in situ two 
times every week. Daytime samples were taken between 11 AM 
and 1 PM central daylight time, and nighttime samples were 
taken between 11 PM and 1 AM. 
One of the problems in studying distributions of epipelic 
algae relates to technical difficulties in obtaining and 
handling samples of epipelic communities. These difficulties 
are sometimes considerable. For the current study, a coring 
device was designed which allowed sediment to be sectioned at 
intervals of less than 1 millimeter. The device consists of a 
specially designed plexiglass core for collecting sediment and 
an extrusion assembly for sectioning sediment (Figure 2). The 
core is 1.67 cm in diameter by 15 cm long and has threads and 
a sharpened edge on the lower end. The extrusion assembly 
consists of a metal rod with a plug fixed at the top, a 
support housing, which is screwed along the rod and can be 
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secured by screwing at the lower end of the core, and a knob 
at the bottom of the rod used for extrusion of the sediment at 
definite intervals. Cores were pushed into sediment to a 
depth of about 10 cm, capped with a finger, and as they were 
carefully withdrawn from the sediment, the extrusion assembly 
was inserted in the bottom of the core tube. The extrusion 
assembly was then secured to the core tube threads and used to 
extrude sediment at the intervals desired. The extruded 
sediment was sectioned using a razor blade and each section 
was collected in a 20 ml scintillation vial. At each sampling 
occasion triplicate cores were taken from sediments. All 
samples were preserved by adding 5 ml 0.5% glutaraldehyde^ to 
each scintillation vial in the field. Samples were placed in 
a cooler with ice for transport to the laboratory, where they 
were stored in a refrigerator until processed. 
In 1987, the sediment cores were sectioned to ten 4.8 mm 
sections. In 1988, sediment cores were sectioned to five 2 mm 
and two 1 cm sections. Due to an extreme drought, the river 
was dry from June 30 until October 1988. In 1989, cores were 
sectioned to ten 1 mm and two 1 cm sections, but due to low 
density of cells, the 1-2, 3-4, 5-6, 7-8, and 9-10 mm 
sections were combined in the laboratory, resulting in five 2 
mm and two 1 cm sections, as in 1988. 
^Glutaraldehyde is the best preservative of algae when 
studying by fluorescence microscope (Coulon and Alexander 
1972) . 
Figure 2. 
1. Sediment core, plexiglass cylinder open at both ends 
2. Assembly device 
3. Sediment taken with core with overlying water and 
assembly device 
4. Sediment extruded out of the core 
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Physicochemical parameters in situ 
When midday samples were collected, the photon flux 
density of photosynthetically active radiation (PPFD) was 
measured at the sediment surface using an underwater LI-COR 
quantum sensor model number LI-192SB. At the same time, the 
dissolved oxygen concentration of the stream water was 
measured using the winkler method (APHA, 1985) and water 
temperature was measured using a mercury thermometer. Stream 
water pH was measured using a portable pH meter and a 
combination probe. 
Measurement of oxygen profiles in situ 
In 1989 oxygen profiles in the sediment were measured 
using oxygen microelectrodes. The general procedure was that 
of Revsbech et al. (1980), who developed oxygen 
microelectrodes and used them to measure oxygen distribution 
in marine sediments with fine spatial resolution. Oxygen 
microelectrodes consist of a gold plated platinum cathode 
which is sealed in glass, exposing a surface only of about 5 
)um in diameter at the extreme tip. The extremely small tip of 
these microelectrodes causes minimal disturbance of the 
sediment, and there is very little oxygen consumption by the 
cathodes. Oxygen microelectrodes are virtually insensitive to 
variations in flow rate, which makes it possible to use them 
in and across boundary layers at the sediment water interface. 
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In the current study, Clark type oxygen microelectrodes 
were used to measure in situ oxygen concentration profiles in 
stream sediments. A Diamond General model 737 Clark-type 
oxygen microelectrode was used. The electrode had a tip 
diameter of 235 )Ltm and a cathode diameter of approximately 5 
/Ltm. As with other polarographic sensors, Clark-type 
microelectrodes require a polarizing voltage and produce an 
output current proportional to oxygen concentration. The 
oxygen microelectrode was mounted on a micromanipulator that 
allowed accurate steps of 0.25 mm and connected by a cable to 
a Keithley model 485 picoammeter which was modified to provide 
a polarization voltage -.75 V. The oxygen concentration of 
the overlying water was determined using the winkler method 
(APHA, 1985). Laboratory experiments involving oxygen 
profiles were made within 24 hr after sampling. 
For measurements of in situ oxygen profiles, the 
micromanipulator was mounted on a welded tripod which was 
carefully placed in the stream bed. In situ oxygen profile 
measurements were conducted at midday and midnight on day 1, 
5, 9, 13, 17, 21, 25 and 29 of June 1989 except on 17 June 
when only midday measurements were done. In addition, on June 
21 and 29, profiles were measured in both sunlit and shaded 
sediments. The sediment water interface and the position of 
the microelectrode tip were determined by visual observation 
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using a light tube of polished acrylic as the tip of the 
microelectrode was lowered to the sediment. 
Processing the samples 
Making permanent mounts of sediment samples for fluorescent 
microscopy 
In 1987 permanent mounts of algae for fluorescent 
microscopy were made using the technique of Crumpton (1987). 
For making permanent mounts, a filtration apparatus was 
assembled with a 0.45 mm pore size cellulosic membrane filter 
which was first soaked in water. Epipelic algae were 
separated from other materials by repeatedly shaking the 
glutaraldehyde preserved samples. Examination of wet mounts 
of sample residues confirmed that the epipelic flora were 
recovered by this procedure. One or two ml from the 
suspension was placed in the filtration tower using a digital 
pipette, and the sample was filtered at low vacuum (<1/3 atm), 
stopping when the surface of filter was just wet. The filter 
was then placed face down on a 25 mm diameter coverglass, and 
the back of the filter was covered with a few drops of 
partially polymerized HPMA (2 Hydroxypropyl methacrylate). 
This preparation was placed in a 60°C oven until polymerized 
(12-24 hr), and then the filter/coverglass preparation was 
mounted to a slide with a few drops of prepolymerized HPMA. 
The slide was returned to a 60°C oven for several days to 
ensure complete polymerization. 
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In 1988 and 1989, samples were analyzed using wet mounts 
in specially designed inverted microscope chambers. These 
chambers were constructed so that a sample was enclosed 
between two coverglasses whose inner surfaces were 1 mm apart. 
This allowed use of oil immersion condensers and the full 
range of high resolution optics available, including 
differential interference contrast. Epipelic algae were 
brought into suspension as described above, and then an 
aliquot of the suspension was drawn by pipette and loaded into 
the inverted microscope chamber. 
Diatom "burn" mounts 
Mounts of cleared frustules were prepared for species 
identification. Aliquots of well mixed samples were 
distributed onto the surface of 18 mm diameter coverglasses, 
allowed to air dry, and incinerated in a muffle furnace at 
500°C for 30-60 minutes. These preparations were allowed to 
cool and then mounted on a glass slide in pleurax (Van Stosch 
1974). This technique is useful for permanently mounting 
lightly silicified species. Species counts were accomplished 
by comparing cells in wet mounts to the cleaned frustules. 
Counts of algal cells 
Algae were identified and counted at magnifications of 
250-1260X using a Zeiss IM 35 inverted microscope equipped for 
epifluorescent microscopy. Fluorescent microscopy has 
distinct advantages for work with epipelic algae. The 
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distinct fluorescence of chlorophyll helps one to determine 
whether a cell is an alga, a protozoan or a bacterium. As 
mentioned by Wilde and Fliermans (1979) fluorescent microscopy 
also provides increased accuracy of algal enumerations by 
facilitating the detection of algal cells which would be 
obscured by silt and detritus if examined by conventional 
light microscopy. In addition, chlorophyll fluorescence and 
chloroplast visualization provide additional criteria for 
differentiating live and dead cells, or in the case of 
preserved samples, cells which were live or dead before 
preservation. It is obvious that the lack of fluorescent 
chlorophyllous pigments is a good indication that a cell was 
dead at the time of sampling. 
As fluorescence inducing illumination, an HBO SOW super-
pressure mercury lamp was used. White light was provided by a 
15W tungsten filament lamp. A filter set provided good 
chlorophyll fluorescence with blue light excitation. A BG-38 
(heat filter) suppressed most of UV light emitted by the 
mercury light source. A reflector housing allowed changeover 
from UV to violet excitation by moving the reflector housing 
in or out. The reflector housing included an exciter filter 
and a reflector acting as chromatic beam splitter and barrier 
filter. Light below 450 and above 490 nm was restricted by 
the exciter filter. The remaining band of the light was 
reflected a chromatic beam splitter and passed through the 
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objective lens. Bright red chlorophyll fluorescence resulting 
from the blue excitation of chlorophyll passes through the 
objective lens, chromatic beam splitter, and barrier filter to 
the ocular lenses. The barrier filter restricts light below 
520 nm thus eliminating background illumination and overlap of 
the exciting and fluorescence radiation. Additionally, 
fluorescing specimens may be simultaneously illuminated by 
transmitted white light. The IM 35 was also equipped with 
differential interference contrast optics by which differences 
in the optical length in the specimen (product of mechanical 
length and refractive index) are made visible as a relief 
image. The contrast depends, among other things, on how the 
structure to be viewed is oriented in the field of view. 
Between 100 and 300 cells were counted for each sample. 
The number of algal cells per mm^ of sediment was calculated 
from following equation. 
N*At*Vt 
Cells mm = ———————— 
Ac*Vs*As 
Where: 
N=Number of cells counted 
At=Total area of chamber or filter bottom in mm^ 
Vt=Total volume of original sample suspension in ml 
Ac=Area counted in mm^ 
Vg=Sample volume used in chamber or filter preparation in ml 
As=Surface area of sediment sampled in mm^ 
31 
RESULTS AND DISCUSSION 
Physicochemical Analysis 
1987 
Water temperature decreased from 25.5°C in June to 20.8°C 
on July 16, then increased to 29°C on July 24 (Figure 3). 
After that a gradual decrease occurred with temperature 
falling to 12.5°c at the end of October. In-stream 
concentrations of dissolved oxygen showed a pattern of slight 
increase during the study period. 
The photon flux density of photosynthetically active 
radiation (PPFD) measured above the stream surface at midday 
showed a general decline during the study, with occasional low 
values on very cloudy days (Figure 3). However, the PPFD at 
the sediment surface was much more variable. Due to changes 
in stream depth and clarities, the PPFD at the sediment 
surface started low, increased in late July and early August 
then declined to low levels through late August and September. 
Light levels increased again in October before declining to 
low values near the end of the field season. The highest PPFD 
at the sediment surface was measured on August 6, with a value 
of 645 /Limoles s~^m~^. The lowest PPFD was measured on 
September 17 with a value of 52.8 ^moles s~^m~^. 
1988 
Water temperatures increased from May through June. The 
highest water temperature in this year occurred during 
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June with a value of 27°C. The lowest water temperature was 
18.8°C which occurred in October (Figure 4). Photosynthetic 
photon flux density (PPFD) at the sediment surface was highest 
on May 5 with a value of 660 /tmoles s~^m~^. The lowest value, 
67.5 /imoles s~^m~^, occurred on October 1 (Figure 4). The 
highest dissolved oxygen was measured on May 5 with a value of 
7.8 mg/1. The lowest value was measured during June 30 with a 
value of 6.3 mg/1 (Figure 4). Due to the extreme drought in 
1988 stream flow decreased and eventually the stream bed was 
completely dry. The drought was so severe that even the South 
Skunk River was dry for most of the growing season. 
Figure 5 shows temperature, dissolved oxygen and stream 
velocity, and photosynthetic photon flux density during June 
of 1989. 
Population dynamics of epipelic diatoms 
The populations of diatoms revealed no definite seasonal 
pattern during 1987. Species of Navicula decussis. N. 
viridula. N. radiosa. and Nitzschia palea were the most common 
species during 1987. Species of diatoms typically emerged and 
disappeared between sampling periods. Nitzschia palea was the 
only species which was found throughout the study. In 
contrast, species were more persistent in 1988. The following 
species were most common during 1988: Cvmbella naviculiformis. 
Navicula crvptocephala. N. radiosa. Surirella ovata. Neidium 
dubium. and Amphora ovalis. The population densities during 
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1988 were lower than 1987. Low densities were also seen in 
June 1989 during which stream flow was low, as in 1988. All 
species found in 1988 except Surirella ovata were encountered 
in June 1989. Gvrosicma attenuatum. Navicula cuspidata. and 
Nitzschia palea were the most common species during June 1989. 
Population fluctuations of these species during June 1989 are 
represented in Figures 6-13. 
It is possible that the population changes observed may 
have been related to shifts toward more favorable conditions 
or that competition for some resource caused low growth and 
death of some species. High PPFDs are known to have positive 
effects on total density and diversity of diatoms (Sladeckova 
1960, Round 1961, Mclntire 1968, Mclntire and Wulff 1969, 
Brown and Austin 1973, Stevenson and Stoermer 1981). Sladecek 
and Sladeckova (1964) concluded that nutrients are most 
important among the factors influencing periphytic algal 
growth. Tanaka (1984) indicated that in benthic diatoms 
competition for light, nutrients and space is more severe in 
colonial types than in solitary types. On the other hand, 
motility of these species may be an important factor in 
reducing the effect of limiting nutrients (Admiraal 1984). 
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Vertical migration takes the cells down to deeper, nutrient-
rich environments. In addition, chemotaxis may bring the 
cells into nutrient-rich patches on the sediment or may help 
them avoid nutrient poor regions. 
Some studies have indicated that the rate of flow has a 
positive influence on the settlement and growth of diatom 
cells (Patrick 1967). Other studies (Mclntire 1966, Reisen 
and Spencer 1970, and Stevenson 1981) have indicated that 
current slows diatom settlement but enhances growth. During 
early June 1989 the current velocity was 15 cm s""^. It 
declined gradually and on June 21, reached the lowest value. 
Populations of Amphora ovalis. Cvmbella naviculiformis. 
Navicula cuspidata. Neidium dubium and Gvrosioma attenuatum 
showed no significant (P>0.05) relationship to current 
velocity. However, populations of Navicula radiosa and 
Nitzschia palea showed a positive relationship to flow 
(r^=0.64 and r^=0.74 for N. radiosa and N. palea. respectively 
[Figure 14]). Reisen and Spencer (1970) showed that Navicula 
genera had very high adherence capabilities among 7 genera 
subjected to various current velocities. Stevenson (1981) 
suggested that settlement of small Navicula species could be 
due to the reduction of drag forces on smaller cells producing 
an easier adhesion. It is obvious that faster multiplication 
of cells of small size could further enhance the advantages 
for this species. Navicula radiosa and Nitzschia palea both 
46 
N 
I 
S 
o 
w 
<u 
o 
w 
I 
o 
M 
(U 
O 
500 
400 
300 
200 
100 
Ni pa 
/=0.74 
500 
400 
300 
200 
100 
T 
Na ra 
r =0.64 
8 
"T" 
10 
_L 
12 
—T— 
9 
14 
8 10 
Velocity cm s 
12 
- 1  
14 16 
Figure 14. Relationship of population of Nitzschia palea 
(top) and Navicula radiosa (bottom) to current 
velocity 
47 
have small cells compared with Navicula cuspidata. Neidium 
dubium and Gvrosiama attenuatum. Stevenson (1981) concluded 
that a side effect of accumulation of cells on the substratum 
is to increase the surface heterogeneity and the thickness of 
boundary layer. This condition facilitates adhesion of less 
adherent species. Considering the whole community, water 
velocities to 60 cm s~^ have been found to be favorable to 
periphyton growth (Ball et al. 1969, Horner and Welch 1981). 
Depth Distribution of Epipelic Community 1987 
The most common species during 1987 were Navicula 
decussis. N. viridula. N. radiosa. Nitzschia palea. and N. 
linearis. Chlorophyceae were represented primarily by 
Closterium. Scenedesmus and Cosmarium. and the Cyanophyceae by 
Chroococcus and Oscillatoria. Euqlena represented the 
Euglenophyceae. Members of Chlorophyceae, Cyanophyceae and 
Euglenophyceae were minor components of the algal assemblage 
when compared to members of the Bacillariophyceae. Hence, the 
study mainly focused on members of Bacillariophyceae. During 
this period of study, species of Navicula and Nitzschia were 
dominant, comprising more than 90% of cells on all sampling 
occasions. Percent abundances of the dominant diatom species 
for midday and midnight samples are listed in Tables 1-4 by 
depth in the sediment. Cell densities of the dominant species 
expressed per volume of sediment are illustrated in Figures 
15-20 for midday and midnight samples. 
Table 1. Percentage depth distribution of total numbers of Navicula decussis in 
daytime and nighttime samples during 1987 
Date Ju 30 J1 24 Aug 6 Aug 20 Sep 3 Sep 17 
Depth (mm) MD& MN^ MD MN MD MN MD MN MD MN MD MN 
0.0-4.8 16.4 15.3 0 0 0 0 0 0 18.8 7.8 12.0 9.4 
4.8-9.6 15.7 10.9 0 0 0 0 0 0 11.1 7.7 8.1 11.8 
9.6-14.4 14.7 12.3 0 0 0 0 0 0 12.4 17.4 10.5 17.6 
14.4-19.2 9.5 13.4 0 0 0 0 0 0 8.8 18.6 16.9 20. 0 
19.2-24.0 10.1 12.3 0 0 0 0 0 0 12.4 10.6 11.7 10.6 
24.0-28.8 8.7 12.0 0 0 0 0 0 0 6.4 8.1 11.7 11.7 
28.8-33.6 7.9 9.4 0 0 0 0 0 0 6.6 8.0 9.7 7.6 
33.6-38.4 8.5 6.3 0 0 0 0 0 0 5.2 9.6 8.0 5.9 
38.4-43.2 4.2 4.4 0 0 0 0 0 0 10.6 7.8 6.4 2.9 
43.2-48.0 4.0 3.7 0 0 0 0 0 0 7.7 4.3 4.8 2.3 
^MD=midday. 
^IN=midnight. 
Table 2. Percentage depth distribution of total numbers of Navicula viridula in 
daytime and nighttime samples during 1987 
Date Ju 30 J1 24 Aug 6 Aug 20 Sep 3 Sep 17 
Depth (mm) MD^ MN^ MD MN MD MN MD MN MD MN MD MN 
0.0-4.8 0 0 17.0 13.3 0 0 14.0 23.0 0 0 0 0 
4.8-9.6 0 0 21.2 10.4 0 0 4.9 19.0 0 0 0 0 
9.6-14.4 0 0 19.0 22.7 0 0 8.2 6.5 0 0 0 0 
14.4-19.2 0 0 12.7 17.5 0 0 19.8 3.5 0 0 0 0 
19.2-24.0 0 0 9.1 10.5 0 0 6.5 18.6 0 0 0 0 
24.0-28.8 0 0 7.5 7.3 0 0 11.9 8.6 0 0 0 0 
28.8-33.6 0 0 6.8 7.5 0 0 7.7 8.2 0 0 0 0 
33.6-38.4 0 0 5.4 5.0 0 0 8.0 3.5 0 0 0 0 
38.4-43.2 0 0 0.8 5.3 0 0 10.4 5.4 0 0 0 0 
43.2-48.0 0 0 0.4 0.3 0 0 8.5 3.5 0 0 0 0 
^MD=midday. 
4MN=midnight. 
Table 3. Percentage depth distribution of total numbers of Navicula radiosa in 
daytime and nighttime samples during 1987 
Date Ju 30 J1 24 Aug 6 Aug 20 Sep 3 Sep 17 
Depth (mm) MD^ MN^ MD MN MD MN MD MN MD MN MD MN 
0.0-4.8 0 0 0 0 28.3 31.0 0 0 0 0 0 0 
4.8-9.6 0 0 0 0 23.9 23.3 0 0 0 0 0 0 
9.6-14.4 0 0 0 0 16.3 14.0 0 0 0 0 0 0 
14.4-19.2 0 0 0 0 14.8 11.0 0 0 0 0 0 0 
19.2-24.0 0 0 0 0 6.5 18.7 0 0 0 0 0 0 
24.0-28.8 0 0 0 0 3.0 5.7 0 0 0 0 0 0 
28.8-33.6 0 0 0 0 2.0 4.8 0 0 0 0 0 0 
33.6-38.4 0 0 0 0 2.4 2.0 0 0 0 0 0 0 
38.4-43.2 0 0 0 0 2.0 1.2 0 0 0 0 0 0 
43.2-48.0 0 0 0 0 1.1 1.2 0 0 0 0 0 0 
^MD=midday. 
^'^MN=midnight. 
Table 4. Percentage depth distribution of total numbers of Nitzschia palea in 
daytime and nighttime samples during 1987 
Date Ju 30 J1 24 Aug 6 Aug 20 Sep 3 Sep 17 
Depth (mm) MD^ MN^ MD MN MD MN MD MN MD MN MD MN 
0.0-4.8 13.1 11.3 30.0 14. 1 18. 9 21.8 12. 8 12. 5 24.5 7.5 16.5 11.7 
4.8-9.6 21.7 17.5 19.0 16. 0 17. 4 16.6 48. 7 41. 7 18.9 9.3 17.0 8.4 
9.6-14.4 11.5 17.6 19.5 21. 8 11. 4 15.3 25. 6 25. 0 9.8 20.0 10.7 22.0 
14.4-19.2 12.6 12.0 13.5 18. 3 10. 2 15.8 12. 8 12. 5 8.4 15.3 18.9 21.4 
19.2-24.0 9.6 9.8 7.7 8. 5 9. 5 10.7 0 8. 3 3.7 7.2 9.1 14.3 
24.0-28.8 7.4 9.8 3.3 8. 0 7. 9 8.9 0 0 6.3 6.8 9.6 6.5 
28.8-33.6 6.2 6.3 3.7 8. 2 6. 5 5.0 0 0 8.8 9.2 4.4 6.5 
33.6-38.4 9.2 6.5 1.4 1. 4 8. 5 2.3 0 0 7.3 8.7 6.9 5.2 
38.4-43.2 5.3 4.8 1.3 2. 9 5. 6 2.1 0 0 6.5 8.9 3.1 2.6 
43.2-48.0 3.2 4.2 0.4 0. 3 1. 1 1.2 0 0 5.8 6.7 3.8 1.3 
^MD=midday. 
^^MN=m idn ight. 
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Figure 15. Depth distribution of Navicula decussis (upper 
figure) and Nitzschia palea (lower figure) 
during midday and midnight on June 30, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
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Figure 16. Depth distribution of Navicula viridula (upper 
figure) and Nitzschia palea (lower figure) 
during midday and midnight on July 24, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
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Figure 17. Depth distribution of Navicula radiosa (upper 
figure) and Nitzschia palea (lower figure) 
during midday and midnight on August 6, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
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Figure 18. Depth distribution of Navicula viridula 
during midday and midnight on August 20, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
56 
—9.6 
^ -19.2 
E 
^ -28.8 
JZ 
• • •• 
Q -38.4 
-48.0 
0 12 3 4 5 6 
-9.6 
^ -19.2 
£ 
-28.8 
-C 
Û —38.4 
-48.0 
0 1 2 3 4 5 6 
lO^Cells ml ^ 
CJ md 
Figure 19. Depth distribution of Navicula decussis (upper 
figure) and Nitzschia palea (lower figure) 
during midday and midnight on September 3, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
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Figure 20. Depth distribution of Navicula decussis (upper 
figure) and Nitzschia palea (lower figure) 
during midday and midnight on September 17, 1987. 
Horizontal bars represent standard errors 
of triplicate counts 
58 
In general, the results for 1987 reveal that the major 
fraction of diatom population was found in the top 2 cm of 
sediment. However, a large number of cells was found below 
the lighted zone of the sediment. Fenchel and Staarup (1971) 
indicated that in granulometrically similar sand, light 
penetrates to only about 4 mm depth and that a 0.5 mm thick 
layer of mud absorbs 99% of the incident light. The presence 
of large numbers of diatoms in dark zones of sediment suggests 
that they can survive, and perhaps grow by heterotrophic 
metabolism. The various Navicula species and Nitzschia palea 
generally showed peaks near the sediment surface in Bear 
Creek, with a marked reduction in the number of viable cells 
with depth in the sediment. Significant numbers of living 
algae at comparable depths under the sediment surface have 
been previously observed by several authors. Grontved (1962) 
found diatoms down to 10 cm depth, and Pamatmat (1968) found 
the chlorophyll content at 9-10 cm to be half that at 0-1 cm. 
Oppenheimer and Wood (1962) found living diatoms down to 12 
cm. Fenchel (1969) found diatoms at 16 cm depth and Steele 
and Baird (1968) reported algae down to 20 cm depth. It seems 
unlikely that diatoms would migrate to 20 cm depth, and other 
factors are probably of significance for the vertical 
distribution and accumulation of algae in deeper sediment. 
Grontved (1962) and Steele and Baird (1968) suggested that the 
displacement of sand due to water turbulence resulted in 
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burial of diatoms. But, it seems improbable that displacement 
of sand occurs regularly at 10 cm depth in small streams, nor 
is this necessary for the transport of diatoms to such depth. 
Epipelic diatom cells are not at every movement firmly 
attached to the sediment, and when they are unattached, they 
could settle or be carried by currents within the sediment. 
Most previous studies of epipelic diatom distribution 
indicate a diurnal pattern with maximum cell densities very 
near the surface during the day and slightly deeper at night. 
Epipelic diatoms are of course motile, and the observed 
patterns are usually reported to result from diurnal migration 
by the diatoms. Epipelic Monoraphidineae move with an average 
speed of 2 jum s~^ and Biraphidineae with an average speed of 4 
jum s~^ (Harper 1969) . Round and Eaton (1966) stated that an 
advantage of position at the surface during the day is that 
the maximum amount of light energy is received, while at night 
there is no such advantage. In contrast to studies of lake 
and marine sediments, diurnal migration patterns were not 
observed in the current study; my data suggest that migration 
and distribution patterns may have been strongly influenced by 
the more turbulent nature of the stream environment. 
Nitzschia palea was the only species found throughout the 
study period, and in general, the various Navicula species 
showed the same vertical distribution pattern in the sediment 
as did Nitzschia palea. On August 6, when water levels and 
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turbulence were low, the highest percentage of cells occurred 
at 0-4.8 mm both during day and night, and both midday and 
midnight samples showed an orderly distribution of cell 
.^densities decreasing with depth. In contrast, August 20 
samples were taken following a storm, and as a result, stream 
flows and turbidity were high. Cell densities were low and 
the vertical distribution of cells was very irregular, with no 
obvious pattern. 
Potential effects of stream turbulence on migration and 
distribution patterns of epipelic diatoms were examined using 
a combination of field and laboratory experiments. On July 
23, 1987, Plexiglass cylinders with a diameter of 12.5 cm and 
a height of about 15 cm were placed in the sediment in Bear 
Creek. The tops of the cylinders were open to the water. In 
addition, three small sampling cores were placed in the 
sediment (Figure 21). The rationale for these treatments is 
that the cylinders would protect cells from being lost by 
transportation, and that the smaller cylinders would offer 
more protection than the larger cylinders. The following day, 
the 12.5 cm cylinders, the smaller cores, and the free 
sediment were sampled and sectioned. Test of analysis of 
variance (ANOVA) showed there was no significant difference 
(P>0.05) between samples from free sediment or from the large 
cylinders. However, the number of cells in samples taken from 
small cores which had been left in the sediment was almost 
12.5 cm plexiglass cylinder 
1.67 cn plexiglass cylinder 
Stream 
water 
Sediment 
Figure 21. Schematic view of plexiglass cores in stream sediment 
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three times greater than in samples taken from free sediment, 
and two times greater than samples taken from larger cylinders 
(Figure 22). These results suggest that turbulence may 
significantly affect the distribution of epipelic algae in 
stream sediments, that great numbers of cells might be lost 
from their site of production, and that rates of production 
might be much higher than would be indicated by the low cell 
densities routinely observed in situ. 
In another experiment, three sediment cores were taken 
from Bear Creek and incubated for 24 hr in a greenhouse 
aquarium of stream water at temperatures and PPFDs similar to 
those in the field. Cell numbers at the sediment surface 
increased very rapidly and within 24 hours were almost 7 times 
greater than original cell numbers at 0-4.8 mm level (Figure 
23). In this greenhouse experiment, both migration and cell 
division apparently contributed to the rapid increase in the 
number of cells at the sediment surface. Although previous 
studies of epipelic diatom distribution indicate diurnal 
migration patterns, those studies have involved either 
laboratory incubations of sediment or have used the filter 
paper trapping technique. By either approach, the sediments 
are not exposed to in situ turbulence and currents. These 
methods are comparable to in situ core and laboratory 
incubation experiments. 
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Distribution of diatoms 1988 
Data collected in 1987 revealed that on most occasions 
the distribution of diatoms was irregular, but when the water 
depth and flows were not high there was a well-ordered 
distribution of diatoms in the sediment. Flows were much 
lower in 1988 than in 1987, and in fact the river was dry from 
the end of June until October so that only data of May 5, 19 
and June 3 from sandy sediments (Figures 24-29), and data of 
May 19 and June 3 from silty sediments (Figures 30-31) are 
presented . 
Distribution of diatoms in sandy sediments 
The most common species in 1988 were Cvmbella 
naviculiformis. Navicula crvptocephala. Navicula radiosa. 
Surirella ovata. Neidium dubium and Amphora ovalis. 
Patrick and Reimer (1975) described Cvmbella 
naviculiformis as having moderately dorsi-ventral valves and 
elliptical-lanceolate shape with rostrate to capitate ends. 
The axial area is linear, and the central area expands 
abruptly from the axial area to form a circular or more often 
a somewhat diamond shaped area. The raphe is lateral becoming 
filiform toward the proximal ends. Striae radiate throughout 
and central striae on the dorsal side are separated by 
slightly wider interspaces. Navicula crvptocephala has been 
described as a species with lanceolate valves with attenuate-
rostrate or rostrate capitate ends. The axial area is narrow 
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and the central area is rounded. Striae radiate, becoming 
parallel or convergent at the ends. Valves may vary in degree 
of silicification. The striae may be distinctly or 
indistinctly lineate and thin or thick. 
Navicula radiosa has linear lanceolate valves with 
acute rounded ends. Axial area and central nodule often 
appear more heavily silicified than the rest of valve. The 
central area is variable in size, transversely widened but not 
reaching the margins of valve. Striae radiate throughout most 
of the valve, becoming convergent at the ends. 
Hustedt (1930) described Surirella ovata with 
heteropolar valves and broadly rounded head ends and subacute 
foot ends. Margins have convex wings and wing canals. Costae 
and striae are both present and reach the middle of the valve. 
Neidium dubium has broadly linear with mostly convex, 
occasionally parallel sides and abruptly tapering rostrate 
ends. Ends vary from long rostrate to very short abrupt 
rostrate. The axial area is narrowly linear and the raphe is 
straight and approximately the same width throughout. Striae 
are slightly radiate to nearly parallel throughout. 
Depth distributions were still somewhat irregular, but 
temporal patterns were much more regular than in 1987. Five 
of these six species were found during all three sampling 
periods (Table 5). cvmbella naviculiformis had midday 
percentage distribution peaks at 0-2 or 2-4 mm on all dates. 
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Table 5. Percentage depth distribution of total numbers of 
different species of diatoms from 0-10 mm depth in 
daytime and nighttime samples during 1988 
Species Date May 5 May 19 June 3 
Cvmbella 
naviculiformis 
Depth(mm) MD^ MN^ MD MN MD MN 
0-2 29.4 12.8 8.8 12.7 23.4 20.7 
2-4 12.8 16.9 41.5 27.4 31.1 13.8 
4-6 23.7 16.2 18.9 31.4 19.8 19.0 
6-8 17.3 16.9 11.6 16.7 15. 0 20.7 
00
 1 H O 16.7 37.1 10.6 11.9 10.8 25.9 
Navicula 
crvptocephala 
0-2 20.4 17.6 8.2 10.5 21.6 7.6 
2-4 18.6 18.5 27.6 30.0 29.8 27.3 
4-6 25.1 12.1 21.0 28.3 18.8 25.8 
6-8 23.6 11.4 12.3 19.8 17.4 27.3 
8-10 12.3 40.4 16.9 11.4 12.4 12.1 
Navicula 
radiosa 
0-2 24.3 20.3 12.1 12.1 47.7 19.0 
2-4 12.1 23.1 19.6 34.8 20.0 23.8 
^MD=midday. 
^MN=midnight. 
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Table 5. (continued) 
4 — 6 18.2 14.0 11.0 16.9 15. 4 19.0 
6—8 17.3 16.3 17.8 10.6 12. 3 19.0 
8-10 28.0 26.3 25.8 25.6 4. 6 19.0 
Surirella 
ovata 
0-2 19.8 11.0 27.0 19.0 23. 0 40.6 
2-4 18.3 19.1 18.8 23.1 39. 1 24.7 
4—6 21.4 21.3 12.4 25.8 16. 9 21.2 
6-8 24.1 13.6 21.2 19.0 12. 7 7.1 
8-10 16.3 35.0 17.2 13.1 8. 2 6.5 
Neidium 
dubium 
0-2 25.3 12.9 17.6 10.4 0 0 
2-4 17.9 15.6 18.1 24.4 0 0 
4-6 23.2 11.3 21.7 30.4 0 0 
6-8 18.4 9.1 15.4 22.2 0 0 
o
 
1—1 00 
15.3 51.0 14.5 12.6 0 0 
Amohora 
ovalis 
0-2 45.0 16.4 21.3 4.1 22. 4 40.0 
2-4 15.0 9.8 17.6 30.9 27. 6 20.0 
4—6 15.0 9.8 21.6 36.1 25. 9 23.3 
6-8 20.0 13.1 25.6 13.4 17. 2 6.7 
8-10 5.0 50.9 21.6 15.5 6. 9 10.0 
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generally declining with depth below 4 mm. At night the 
percentage distribution peak was below 4 mm and cell numbers 
were generally lower throughout the sediment (Table 5, Figures 
24, 26, 28). These patterns suggest that the higher number of 
cells near the surface during the day may be due to growth and 
division rather than migration. The distribution of Navicula 
crvptocephala was more erratic but in many ways similar to 
that of Cvmbella naviculiformis with generally lower numbers 
of cells at night at all depths and highest daytime densities 
in the top two or three sections of sediment (0-2 mm, 2-4 mm, 
and 4-6 mm sections). On May 5 nighttime population densities 
of Navicula radiosa was higher than daytime and distribution 
of this species was more erratic. Surirella ovata showed a 
well-orderd distribution with generally lower numbers of cells 
at night at all depths and the highest daytime densities with 
exception of May 5th , when it showed an erratic distribution 
(Figures 25, 27, 29). 
Distribution of diatoms in siltv sediments 
Table 6 and figures 30-31 show the distribution of diatom 
cells in 2 mm intervals from 0-10 mm depth in silty sediment. 
The dominant diatom species inhabiting silty sediments were in 
most cases also dominants in sandy sediments. Navicula 
crvptocephala. N. radiosa. Surirella ovata, Nitzschia palea. 
and Amphora ovalis were found in both sandy and silty 
sediments, whereas Cvmbella naviculiformis was found only in 
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Figure 24. Depth distribution of Cvmbella naviculiformis 
(upper figure) and Navicula crvptocephala (lower 
figure) during midday and midnight on May 5, 
1988. Horizontal bars represent standard errors 
of triplicate counts 
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Figure 25. Depth distribution of Surirella ovata (upper 
figures) and Navicula radiosa (lower figures) 
during midday and midnight on May 5, 1988. 
Horizontal bars represent standard errors of 
triplicate counts 
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Figure 26. Depth distribution of Cvmbella naviculiformis 
(upper figures) and Navicula crvptocephala (lower 
figures) during midday and midnight on May 19, 
1988. Horizontal bars represent standard errors 
of triplicate counts 
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Figure 27. Depth distribution of Surirella ovata (upper 
figures) and Navicula radiosa (lower figures) 
during midday and midnight on May 19, 1988. 
Horizontal bars represent standard errors of 
triplicate counts 
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Figure 28. Depth distribution of Cvmbella naviculiformis 
(upper figures) and Navicula crvptocephala (lower 
figures) during midday and midnight on June 2 ,  
1988. Horizontal bars represent standard errors of 
triplicate counts 
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Figure 29. Depth distribution of Surirella ovata (upper 
figures) and Navicula radiosa (lower figures) 
during midday and midnight on June 3, 1988. 
Horizontal bars represent standard errors of 
triplicate counts 
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sandy sediments and Cvmatopleura solea. Gvrosiqma attenuatum 
and Cvmatopleura elliptica were found only in silty sediments. 
Although apparently viable cells were found in silty sediments 
down to 3 cm depth, the percentage of those was low compared 
with sandy sediment. 
On May 19 more than 61% of the population of Nitzschia 
palea. 48% of Navicula crvptocephala. 40% of Navicula radiosa. 
46% of Surirella ovata. 71% of Amphora ovalis and 33% of 
Cvmatopleura solea. 60% of Cvmatopleura elliptica and 57% of 
Gvrosiqma attenuatum were at 0-4 mm depth during midday, and 
midday and midnight distributions were similar. However, 
absolute numbers of cells were much higher during the day. On 
June 3 73% of Navicula crvptocephala. 53% of Cvmatopleura 
solea. 77% of Surirella ovata. 87% of Cvmatopleura elliptica 
and 83% of Gvrosiqma attenuatum were found at 0-4 mm depth. 
Analysis of variance (ANOVA) was used to compare 
differences in midday and midnight population densities. 
Comparisons of midday and midnight densities of viable cells 
in the 0-6 mm depth revealed significant differences for most 
species (p<.05). However, for Navicula radiosa and Amphora 
ovalis differences were not significant (P>.05). Comparison 
of total frustules (dead and alive) from 0-6 mm depth 
indicated that middays to midnight differences were not 
significant (P>.05). This suggests that differences in midday 
and midnight densities of viable cells could be in part a 
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result of mortality. Grazing by Ciliata cannot have much 
effect in this process since I found few Ciliata during the 
study and they were found at the levels below 6 mm. 
Admiraal et al. (1982) suggested that the presence of a 
population in dark zones of sediment indicates that the 
population of diatoms can survive only through heterotrophic 
nutrition. It should be noted that total biomass of diatoms 
decreased with depth, possibly due to the lack of light and 
anaerobic conditions in the sediment. Chemical gradients also 
may have some effect on the distribution of diatoms. It is 
unlikely that a single factor is responsible for the 
distribution of diatoms in sediment. Changes in temperature 
of overlying water were cited as a major factor which affects 
the seasonal succession and distribution of epipelic diatoms 
(Round 1981). 
Depth distribution 1989 
The most common species of diatoms found in 1989 were A. 
ovalis. Ç. naviculiformis. N. crvptocephala. N. cuspidata. N. 
radiosa. N. dubium G. attenuatum. and Nitzschia galea. These 
same species were encountered in previous years, but 
population densities in 1989 were much lower than in 1987 and 
1988. These species showed the same general distribution 
pattern, with the number of cells decreasing toward deeper 
levels for both midday and midnight samples. Across all 
sampling periods, approximately 40% of the population of each 
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Table 6. Percentage depth distribution of species of diatoms 
in different depths of silty sediment during daytime 
and nighttime 1988 
Date May 19 June 3 
Navicula 
crvptocephala 
Depth v-> 
(mm) MD^ MN" MD MN 
0-2 35.9 23.1 44.6 22.2 
2-4 12.8 31.7 28.5 40.7 
4—6 17.9 22.1 16.9 20.4 
6—8 15.4 14.4 6.9 5.6 
8-10 17.9 8.7 3.1 11.1 
Surirella 
ovata 
0-2 17.4 21.9 46.4 14.7 
2-4 28.9 30.0 31.1 26.3 
4—6 24.8 17.9 11.3 24.9 
6-8 15.1 14.3 6.1 19.8 
8-10 13.9 15.9 5.2 14.3 
^MD=midday. 
bMN=midnight. 
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Table 6. (continued) 
Cvmatopleura 
solea 
0-2 10.4 13.1 26.8 14.0 
2-4 23.5 29.0 26.7 35.2 
4-6 26.2 19.9 15.4 21.7 
6-8 21.0 15.3 17.6 15.7 
8-10 18.9 22.7 13.6 13.5 
Cvmatopleura 
elliptica 
0-2 20.0 62.5 51.5 33.7 
2-4 40.0 25.0 35.5 33.7 
4-6 40.0 12.5 5.4 14.7 
6-8 0.0 0.0 6.0 9.4 
8-10 0.0 0.0 3.6 8.4 
Gvrosicnna 
attenuatum 
0-2 24.6 12.5 49.1 28.2 
2-4 33.3 47.5 34.6 48.5 
4-6 21.1 15.0 11.3 15.5 
6-8 21.1 12.5 3.1 3.9 
8-10 0.0 12.5 1.9 3.9 
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Table 6. (continued) 
Nitzschia 
oalea 
0-2 33.0 22.5 0.0 0.0 
2-4 28.2 35.2 0.0 0.0 
4—6 14.6 21.1 0.0 0.0 
6—8 12.6 14.1 0.0 0.0 
00
 1 o
 
11.6 7.0 0.0 0.0 
Navicula 
radiosa 
0-2 28.0 31.8 0.0 0.0 
2-4 12.0 22.7 0.0 0.0 
4-6 8.1 15.1 0.0 0.0 
6-8 16.2 21.2 0.0 0.0 
0
 
Ï—i 1 C
O 36.0 9.1 0.0 0.0 
Amohora 
ovalis 
0-2 42.9 41.8 0.0 0.0 
2-4 28.6 30.4 0.0 0.0 
4—6 28.6 13.9 0.0 0.0 
6-8 0.0 13.9 0.0 0.0 
8-10 0.0 0.0 0.0 0.0 
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Figure 30, Depth distribution of Surirella ovata (upper 
figures) , Cvmatopleura solea (Middle figures) and 
Navicula crvotocephala (lower figures) during 
midday and midnight on May 19, 1988. Horizontal 
bars represent standard errors of triplicate 
counts 
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Figure 31, Depth distribution of Surirella ovata (upper 
figures) , Cvmatopleura solea (middle figures) and 
Nitzschia palea (lower figures) during 
midday and midnight on June 3, 1988. Horizontal 
bars represent standard errors of triplicate 
counts 
8 3  
species was located in the top 2 mm of sediment, and more than 
60% of the population of each species was found within the top 
4 mm (Table 7, Figures 32-39). More than 70% of the Gvrosigma 
attenuatum (Figure 37) and Cvmbella naviculiformis (Figure 32) 
were found at 0-4 mm depth during most sampling periods. The 
greater abundance of these diatom species in the upper few 
millimeters of sediment is related to several factors. As 
discussed previously, light is one of the most important 
factors that influence the depth distribution and community 
composition of algae. Other factors such as sediment quality 
and chemical gradients may also play a role in vertical 
distribution. 
Throughout this study, the major fraction of diatom 
populations was located in the top layers of stream sediment, 
although a large number of cells was found below the lighted 
zone of sediment. Motile diatoms are able to position 
themselves in the top layer of sediment through photo-and 
chemotaxis (Harper 1977). Obviously the positioning in the 
vertical gradient of light and protective migration down into 
the sediment are widespread features of benthic diatoms as 
well as other sediment inhabiting micro-algae such as Euqlena 
obusta (Palmer and Round 1965). However, in situ diurnal 
migrations were not observed in this study, and the data 
suggest that migration and distribution patterns may have been 
strongly influenced by the more turbulent nature of the 
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Table 7. Percentage depth distribution of different species 
of diatoms in daytime and nighttime samples in two 
day intervals during study June 1989 
Amphora 
ovalis 
Depth 
(mm) 0-2 2-4 4-6 6-8 8-10 10-20 20-30 
Date 
1 MOf 
MN^ 
0.0 
52.6 
29.6 
26.3 
29.6 
0.0 
14.8 
10.5 
25.9 
10.5 
0.0 
0.0 
0.0 
0.0 
3 MD^ 11.7 14.1 9.4 14.1 1.2 49.6 0.0 
5 50.4 
48.1 
24.4 
16.0 
9.2 
0.0 
5.9 
0.0 
10.1 
10.7 
0.0 
0.0 
0.0 
25.1 
7 30.9 16.4 25.5 9.1 18.2 0.0 0.0 
9 47.8 
17.8 
33.8 
9.9 
10.7 
13.9 
0.0 
5.9 
0.0 
5.9 
7.7 
0.0 
0.0 
46.3 
11 46.5 24.3 7.4 16.9 0.0 0.0 5.0 
13 40.3 
41.7 
18.3 
0.0 
14.5 
12.5 
10.1 
16.7 
5.0 
29.2 
11.8 
0.0 
0.0 
0.0 
15 42.8 9.4 0.0 13.4 9.4 25.1 0.0 
17 30.0 
35.7 
7.5 
14.3 
35.0 
28.6 
20.0 
7.1 
7.5 
14.3 
0.0 
0.0 
0.0 
0.0 
19 26.0 10.7 28.6 8.7 7.3 6.3 12.5 
21 22.7 
28.6 
15.6 
0.0 
21.9 
21.4 
33.6 
0.0 
6.3 
50.0 
0.0 
0.0 
0.0 
0.0 
23 37.1 12.4 9.6 15.1 0.0 25.8 0.0 
25 12.9 
52.6 
0.0 
10.5 
20.6 
15.8 
0.0 
21.0 
18.0 
0.0 
48.5 
0.0 
0.0 
0.0 
27 45.0 15.0 0,0 20.0 20.0 0.0 0.0 
29 0.0 
76.5 
100.0 
23.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
^MD=midday. 
"MN=midnight. 
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Table 7. (continued) 
Cvmbella 
naviculiformis 
Depth 
(mm) 
Date 
0-2 2-4 4-6 6-8 8-10 10-20 20-30 
MD= 
MN* 
2 2 . 0  
32.3 
23.7 
8 . 8  
2 2 . 0  
8 . 8  
16.1 
2.9 
16.1 
5.9 
0 . 0  
27.6 
0 . 0  
0 . 0  
3 
5 
MD= 31.5 
27.4 
18.7 
9.0 
2 8 . 6  
0 . 0  
22.5 
16.7 
0 . 0  
15.8 
2.4 
2 8 . 0  
0 . 0  
25.0 
9.3 
21.2 
0 . 0  
43.9 
0 . 0  
0 . 0  
0 . 0  
7 
9 
76.4 
59.6 
41.2 
16.4 
19.0 
17.6 
3.6 
5.0 
11.7 
3.6 
8.9 
7.8 
0 . 0  
2 . 2  
21.6 
0 . 0  
5.2 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
11 
13 
62.5 
50.0 
66.7 
13.8 
19.7 
19.0 
11.3 
12.3 
0 . 0  
7.5 
14.8 
14.3 
5.0 
3.3 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
15 
17 
30.0 
66.7 
37.5 
23.3 
10.4 
14.4 
23.3 
22.9 
17.3 
13.3 
0 . 0  
11.5 
10.0 
0 . 0  
5.8 
0 . 0  
0 . 0  
13.5 
0 . 0  
0 . 0  
0 . 0  
19 
21 
0 . 0  
51.0 
38.5 
50.0 
8 . 2  
12.8 
0 . 0  
24.5 
5.1 
0 . 0  
12.2 
12.8 
50.0 
4.1 
30.8 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
23 
25 
51.5 
23.8 
36.9 
18.2 
9.9 
0 . 0  
18.2 
11.9 
8.2 
6.1 
0 . 0  
16.4 
6.1 
7.9 
0 . 0  
0 . 0  
27.9 
38.5 
0 . 0  
18.6 
0 . 0  
27 
29 
31.1 
75.0 
60.0 
14.1 
25.0 
40.0 
14.1 
0 . 0  
0 . 0  
14.1 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
2 6 . 6  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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Table 7. (continued) 
Navicula 
crvptocephala 
Depth 
(mm) 
Date 
0-2 2-4 4—6 6-8 8-10 10-20 20-30 
MD' 
MN* 
14.0 
14.5 
27.2 
27.0 
24.3 
6 . 2  
18.6 
12.5 
15.9 
10.4 
0 . 0  
9.8 
0 . 0  
19.5 
3 
5 
MD= 40.0 
25.5 
2 8 . 2  
21.7 
24.0 
30.8 
16.8 
12.6 
20.5 
8.3 
16.5 
20.5 
6.7 
21.4 
0 . 0  
6.5 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
7 
9 
55.3 
36.9 
24.0 
11.2 
30.6 
15.5 
10.6 
14.1 
14.1 
2.7 
9.1 
8.5 
5.3 
3.4 
11.3 
15.0 
5.9 
26.5 
0 . 0  
0 . 0  
0 . 0  
11 
13 
54.9 
43 .1 
43.5 
12.8 
20.4 
15.2 
11.2 
13.7 
23.9 
4.9 
9.5 
17.4 
2.3 
6 . 6  
0 . 0  
13.9 
6.7 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
15 
17 
2 8 . 2  
51.0 
36.8 
30.9 
15.1 
2 2 . 8  
2 0 . 0  
6.1 
6.3 
11.8 
11.6 
8.9 
9.1 
2.0 
1.3 
0 . 0  
14.2 
17.9 
0 . 0  
0 . 0  
6 . 0  
19 
21 
24.4 
24.3 
2 8 . 2  
24.8 16.9 
2 6 . 0  
2.3 
23.0 
5.3 
11.4 
10.1 
18.3 
3.9 
5.4 
9.9 
18.5 
11.1 
25.1 
0 . 0  
0 . 0  
10.8 
23 
25 
33.7 
2 0 . 0  
45.4 
13.8 
13.6 
18.2 
10.9 
9.6 
21.2 
4.8 
6.7 
9.0 
10.0 
6.3 
6.0 
17.9 
2 6 . 6  
0 . 0  
8.9 
17.2 
0 . 0  
27 
29 
21.2 
29.4 
69.4 
24.9 
21.9 
26.5 
14.0 
17.7 
0 . 0  
12.0 
4.2 
0 . 0  
8.9 
5.0 
4.0 
19.1 
13.8 
0 . 0  
0 . 0  
7.9 
0 . 0  
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Table 7. (continued) 
Navicula 
cuspidata 
Depth 
(mm) 
Date 
0-2 2-4 4-6 6-8  8-10 10-20 20-30 
MD' 
MN* 
11.7 
73.7 
13.6 
0 . 0  
11.7 
15.8 
3.9 
10.5 
13.6 
0 . 0  
45.6 
0 . 0  
0 . 0  
0 . 0  
3 
5 
MD' 42.1 
33.8 
52.5 
29.0 
10.0 
30.6 
15.9 
11.3 
0 . 0  
10.3 
6.3 
0 . 0  
2 . 8  
38.8 
6 . 6  
0 . 0  
0 . 0  
10.3 
0 . 0  
0 . 0  
0 . 0  
7 
9 
36.5 
25.3 
47.5 
28.4 
21.4 
45.0 
26.4 
19.5 
7.5 
8 . 8  
11.7 
0 . 0  
0 . 0  
3.9 
0 . 0  
0 . 0  
18.3 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
11 
13 
0 . 0  
39.7 
56.7 
7.4 
27.0 
18.3 
0 . 0  
2 2 . 2  
21.7 
33.5 
7.9 
3.3 
24.2 
3.2 
0 . 0  
34.9 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
15 
17 
49.5 
51.8 
58.0 
21.8 
27.0 
19.3 
10.9 
6.9 
5.5 
9.5 
5.8 
4.1 
8.4 
1.1 
0 . 0  
0 . 0  
7.5 
13.0 
0 . 0  
0 . 0  
0 . 0  
19 
21 
25.5 
36.8 
31.7 
12.0 
18.8 
40.7 
21.0 
14.3 
3.4 
7.5 
5.3 
6 . 8  
6 . 0  
3.8 
6.8 
0 . 0  
21.2 
5.3 
28.1 
0 . 0  
5.3 
23 
25 
50.8 
28.3 
55.8 
33.8 15.4 
5.1 
2 8 . 8  
4.6 
15.4 
0 . 0  
11.0 
0 . 0  
0 . 0  
5.5 
6 . 0  
0 . 0  
33.7 
0 . 0  
0 . 0  
11.9 
0 . 0  
27 
29 
42.6 
37.4 
6 0 . 0  
31.9 
13.2 
15.9 
10.6 
19.8 
9.8 
6.4 
8 . 8  
3.7 
8.5 
0 . 0  
4.9 
0 . 0  
20.7 
0 . 0  
0 . 0  
0 . 0  
5.7 
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Table 7. (continued) 
Navicula 
radiosa 
Depth 
(mm) 0-2 2-4 4-6 6-8 8-10 10-20 20-30 
Date 
I MDJ 100.0 0.0 0.0 0.0 0.0 0.0 0.0 
MN° 22.7 0.0 0.0 10.7 0.0 50.1 12.5 
3 MD^ 83.2 16.8 0.0 0.0 0.0 0.0 0.0 
5 13.4 15.7 16.9 11.5 10.0 23.4 9.0 
22.9 33.3 18.7 14.6 10.4 0.0 0.0 
7 50.7 19.2 11.4 7.4 3.1 0.0 8.2 
9 31.9 20.4 17.6 20.4 3.4 6.4 0.0 
16.0 16.0 9.1 5.3 6.9 46.6 0.0 
II 44.1 29.0 10.3 12.4 4.1 0.0 0.0 
13 34.3 15.8 10.5 15.8 7.0 16.5 0.0 
27.6 16.1 16.1 13.8 4.6 0.0 21.7 
15 38.1 9.9 6.5 11.3 8.5 26.6 0.0 
17 22.8 16.1 8.1 10.7 10.7 31.5 0.0 
24.2 12.1 12.1 6.0 3.0 28.4 14.2 
19 12.5 28.1 37.5 6.3 15.6 0.0 0.0 
21 28.6 0.0 50.0 14.3 7.1 0.0 0.0 
25.0 25.0 23.3 0.0 26.7 0.0 0.0 
23 27.7 13.5 4.8 10.3 10.3 33.5 0.0 
25 26.4 7.7 12.1 8.8 8.8 36.2 0.0 
87.5 0.0 12.5 0.0 0.0 0.0 0.0 
27 27.9 15.9 15.6 5.3 4.0 17.2 14.1 
29 31.9 13.8 9.6 15.0 4.2 19.8 5.7 
45.4 0.0 18.2 0.0 36.4 0.0 0.0 
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Table 7. (continued) 
Gyrosicnma 
attenuatum 
Depth 
(mm) 0-2 2-4 4-6 6-8 8-10 10-20 20-30 
Date 
I MD^ 34.6 21.0 19.8 24.7 0.0 0.0 0.0 
MN° 54.7 14.4 8.6 0.0 8.6 13.5 0.0 
3 MD^ 47.6 30.4 9.9 7.9 4.2 0.0 0.0 
5 28.6 22.0 17.8 9.5 22.0 0.0 0.0 
47.6 7.9 17.9 4.0 4.0 18.6 0.0 
7 54.9 28.3 13.0 2.7 1.1 0.0 0.0 
9 54.9 20.4 13.4 3.5 7.7 0.0 0.0 
54.2 22.2 8.3 8.3 6.9 0.0 0.0 
II 61.7 20.3 13.4 3.4 1.1 0.0 0.0 
13 47.5 18.3 7.1 5.2 4.2 17.7 0.0 
48.6 13.5 2.9 3.8 0.0 31.4 0.0 
15 38.7 23.0 8.9 6.8 8.5 14.0 0.0 
17 46.8 18.5 12.7 8.3 1.8 11.9 0.0 
40.0 21.5 9.8 3.9 1.9 22.9 0.0 
19 35.3 16.8 17.4 4.6 6.9 19.0 0.0 
21 51.2 8.6 17.7 8.6 1.7 12.1 0.0 
36.6 46.3 3.7 7.3 6.1 0.0 0.0 
23 45.9 18.3 18.7 3.1 9.8 4.2 0.0 
25 37.5 16.7 11.6 8.6 4.2 15.2 6.3 
70.5 14.9 5.8 4.3 0.0 0.0 4.5 
27 21.4 20.2 17.2 11.2 6.5 14.9 8.6 
29 47.4 10.4 10.3 4.6 5.5 18.9 2.8 
77.0 10.0 0.0 7.8 2.8 2.2 0.0 
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Table 7. (continued) 
Neidium 
dubium 
Depth 
(mm) 
Date 
0-2 2-4 4-6 6-8 8-10 10-20 20-30 
MD= 
MN* 
15.3 
13.2 
2 0 . 8  
50.8 
20.8 
36.0 
23.6 
0 . 0  
19.4 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
3 
5 
MD' 35.8 
25.3 
42.1 
25.9 
3.7 
14.0 
5.0 
16.4 
0 . 0  
7.0 
4.5 
0 . 0  
3.0 
18.6 
0 . 0  
23.4 
31.5 
43.9 
0 . 0  
0 . 0  
0 . 0  
7 
9 
48.7 
60.9 
71.4 
32.2 
23.9 
20.0 
3.5 
15.2 
8 . 6  
7.0 
0 . 0  
0 . 0  
8.7 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
11 
13 
44. 0 
44.8 
46.5 
13.9 
25.4 
24.0 
7.6 
18.5 
15.5 
11.1 
7.8 
13.8 
5.5 
3.4 
0 . 0  
17.9 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
15 
17 
40.0 
52.2 
32.2 
17.5 
15.5 
8.0 
10.8 
18.4 
13.4 
16.2 
14.0 
10.1 
11.2 
0 . 0  
4.0 
4.2 
0 . 0  
25.2 
0 . 0  
0 . 0  
6.3 
19 
21 
27.1 
49.0 
25.0 
31.3 
16.7 
34.1 
33.3 
2 0 . 0  
20.4 
8.3 
9.5 
13.7 
0 . 0  
4.8 
6 . 8  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
23 
25 
44.4 
32.9 
56.4 
23.9 
19.6 
30.8 
12.2 
21.1 
5.1 
8 . 0  
14.7 
7.7 
2 . 8  
2.5 
0 . 0  
8 . 8  
9.2 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
27 
29 
24.0 
38.0 
55.3 
21.2 
16.7 
27.2 
18.9 
14.2 
11.4 
12.6 
7.1 
1.5 
12.6 
3.9 
4.6 
10.8 
2 0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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Table 7. (continued) 
Nitzschia 
palea 
Depth 
(mm) 
Date 
0-2 2—4 4-6 6-8 8-10 10-20 20-30 
MD; 
MN* 
19.7 
43.0 
25.4 
18.9 
2 0 . 8  
0 . 0  
24.3 
6.9 
9.8 
6.9 
0 . 0  
16.2 
0 . 0  
8.1 
3 
5 
MD' 42.9 
24.5 
49.1 
27.2 
24.2 
0 . 0  
16.4 
17.3 
0 . 0  
6.5 
9.2 
0 . 0  
2.7 
24.8 
8.9 
4.2 
0 . 0  
42.0 
0 . 0  
0 . 0  
0 . 0  
7 
9 
78.3 
51.9 
100.0 
21.7 
25.5 
0 . 0  
0 . 0  
10.0 
0 . 0  
0 . 0  
10.4 
0 . 0  
0 . 0  
2 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
11 
13 
58.2 
20.0 
50.0 
22.4 
40.0 
50.0 
0 . 0  
40.0 
0 . 0  
13.4 
0 . 0  
0 . 0  
6 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
15 
17 
100.0 
0 . 0  
32.3 
0 . 0  
0 . 0  
23.5 
0 . 0  
0 . 0  
23.5 
0 . 0  
100.0 
11.8 
0 . 0  
0 . 0  
5.9 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
19 
21 
100.0 
100.0 
50.0 
0 . 0  
0 . 0  
14.3 
0.0 
0.0 
14.3 
0.0 
0.0 
21.4 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
23 
25 
73.1 
77.8 
0.0 
15.4 
0.0 
0.0 
0.0 
0.0 
0.0 
11.5 
0.0 
0.0 
0.0 
2 2 . 2  
0.0 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
27 
29 
0.0 100.0 
0.0 
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
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Figure 32. Per cent of the Cvmbella naviculiformis population 
at different depths of sediment June 1989 
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Figure 33. Per cent of the Navicula crvptocephala population 
at different depths of sediment June 1989 
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Figure 34. Per cent of the Navicula radiosa population at 
different depths of sediment June 1989 
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Figure 35. Per cent of the Navicula cuspidata population at 
different depths of sediment June 1989 
96 
WX'XXXX 
Figure 36. Per cent of the Neidium dubium population at 
different depths of sediment June 1989 
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Figure 37. Per cent of the Gvrosicnna attenuatum population at 
different depths of sediment June 198 9 
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Figure 38. Per cent of the Amphora ovalis population at 
different depths of sediment June 1989 
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Figure 39. Per cent of the Nitzschia palea population at 
different depths of sediment June 1989 
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streams as compared to lake and marine sediments where diurnal 
migrations have been previously reported. Stream flow 
significantly affects algal distribution, and great numbers of 
cells may be lost from their site of production by transport 
in stream flow. The occurrence of diatoms in dark sediment 
layers suggests that these diatoms may use heterotrophic 
metabolism for growth. Numerous experimental observations 
show that diatom species possess widely differing capacities 
to utilize organic compounds found in nature (Lee et al. 1975, 
Hellebust and Lewin 1977, Bonin and Maestrini 1981). Also, 
several diatom species seem to be capable of mixed autotrophic 
and heterotrophic metabolism, using illumination together with 
an organic carbon source for growth (Bunt 1969, Admiraal and 
Peletier 1979). During this study a significant number of 
apparently viable cells was observed in dark zones of sediment 
in all years. Also, living algae at comparable depths under 
the sediment surface have been observed by several authors. 
For example, Steele and Baird (1968) reported algae down to 20 
cm depth, although it seems unlikely that diatoms would 
migrate down to 20 cm depth. 
Viable cell distribution in stream sediment 
Viable diatoms have been recovered from considerable 
depth in marine sediments (Fenchel 1969, Fenchel and Staarup, 
1971) and in this study, apparently viable diatoms were found 
down to 10 cm depth. As a measure of viability, growth rates 
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of diatom populations from different depths of sediment in 
Bear Creek were measured in the laboratory. Subsamples of 
three cores from each of seven depth intervals (0-2, 2-4, 4-6, 
6-8, 8-10, 10-20 and 20-30 mm) were pooled by depth interval 
in 250 ml flasks, and 20 ml of filtered stream water from the 
same site was added to each flask. Duplicate flasks with 
sediments spread on the bottom were incubated for ten days in 
a growth chamber at a temperature of 18°C and PPFD of 1000 
jLimoles on 12 hr:12 hr light;dark cycle. Cells were 
counted using a fluorescence microscope before and after ten 
days incubation. Division rates of the diatom populations 
were calculated from the increase of the cell concentration 
during incubation period using: 
Nt=Noe^^ 
where: 
Nt=number of cells at the end of incubation period 
No=number of cells before incubation 
r=instantaneous rate of population change 
t=incubation period in days 
Division rates ranged between 0.34 and 0.66 day"^ 
depending on the species and depth (Table 8). Amphora ovalis 
showed the highest division rate with 0.66 division per day at 
0-2 mm depth. Cvmbella naviculiformis showed the lowest 
division rate with 0.34 division per day at 8-10 mm depth. 
There was a tendency toward higher growth rates for cells 
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collected from the upper sediment layers (Figure 40). Viable 
cells of all five species examined were found below ten 
millimeter depth. However, below twenty millimeter depth only 
Surirella ovata and Neidium dubium cells were viable. No 
viable cells of Cvmbella naviculiformis. Navicula 
crvptocephala and Amphora ovalis were found below twenty 
millimeters depth. Although this experiment demonstrates that 
live cells occurred at depths well below the photic zone, this 
does not mean that cells were capable of in situ growth at the 
depths they were found. Lewin and Hellebust (1975) reported 
significant heterotrophic growth by Navicula pvillardi with 
an observed doubling time for heterotrophic growth of about 70 
hours compared to a doubling time under optimal 
photoautotrophic conditions of 24 hours. However, Grontved 
(1962) and Steele and Baird (1968) indicated that cells of 
dark zones can survive but not grow. In the dark and during 
burial in deeper sediment layers, diatom cells also are 
frequently subjected to anaerobic conditions. Cultures of 
diatoms survived dark periods of 1-2 months when kept in 
anaerobic or aerobic conditions (Admiraal and Peletier 1979). 
On the other hand, Moss (1977) reported that freshwater 
epipelic diatoms were sensitive to oxygen depletion during 5-
20 day periods of darkness. It seems likely that maintenance 
of diatoms under anaerobic conditions is due to extremely 
reduced metabolic activity. 
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Table 8. Cell division rates of diatoms in samples of 
sediment incubated in growth chamber May 19 1988 
Species Depth Cell division 
(mm) (day"l) 
Cell density 
10^ ml-i 
Initial Final 
Cvmbella 
naviculiformis 
0-2 
2-4 
4—6 
6-8  
8-10 
10-20 
20-30 
Navicula 
crvptocephala 
0-2 
2-4 
4—6 
6-8 
8-10 
10-20 
20-30 
0-2 
2-4 
Surirella 
ovata 
0.56 
0.48 
0.43 
0.39 
0.34 
0.38 
0 . 0 0  
0.55 
0.47 
0.48 
0.43 
0.44 
0.42 
0 . 0 0  
0.56 
0.54 
5.3 
6 . 6  
5.8 
4.4 
3.9 
4.6 
2.4 
6.5 
7.2 
6 . 8  
5.3 
4.8 
6.9 
4.5 
5.7 
4.3 
262.0 
187.4 
114.7 
66.9 
42.0 
66.9 
0 . 0  
296.4 
191.2 
187.4 
105.2 
101.3 
128.6 
0 . 0  
2 8 6 . 8  
177.8 
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Table 8. (continued) 
4—6 0.48 3.6 105.2 
6-8 0.43 4.3 86.0 
8-10 0.42 4.4 82.0 
10-20 0.37 5.9 79.0 
20-30 0.39 4.4 64.3 
Neidium 
dubium 
0-2 0.57 3.5 187.4 
2-4 0.52 2.6 95.6 
4—6 0.46 2.9 68.8 
6-8 0.50 2.6 86.0 
8-10 0.43 2.7 51.6 
10-20 0.45 3.8 86.6 
20-30 0.45 3.4 76.7 
Amphora 
ovalis 
0-2 0.66 1.5 145.3 
2-4 0.54 1.9 76.5 
4—6 0.52 1.5 57.4 
6-8 0.49 1.6 47.8 
8-10 0.47 1.5 40.2 
10-20 0.43 2.2 42.0 
20-30 0.00 1.7 0.0 
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Figure 40. Growth rates of viable cells of diatoms recovered 
from sediment 
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Distribution of dissolved oxygen in stream sediment 
In situ measurements of dissolved oxygen in stream 
sediment showed that on most occasions during the study, 
oxygen didn't penetrate beyond 7 mm during the day and 4 mm 
during the night in sandy sediment. In most cases there was 
little variation between profiles taken at about the same time 
(Figures 41-48). However, there were pronounced diurnal 
patterns in oxygen distribution. Dissolved oxygen 
concentrations in the top 2 mm of the sediment ranged between 
100-160% of saturation during day, but dropped to between 10-
50% of saturation at night. Revsbech and Ward (1983) and 
Carlton and Wetzel (1988) indicated that even at low light 
intensities photosynthesis by epipelic algae can be sufficient 
to produce marked changes in distribution of oxygen in 
surficial sediments. During the current study, oxygen 
concentrations of more than 140% of saturation were observed 
during the day. High concentrations of oxygen in top layers 
of sediments are mainly due to photosynthesis, and since light 
cannot penetrate more than a few mm in sediments, the presence 
of oxygen in deeper, nonphotic layers depends on diffusion 
from the overlying photic zone. 
An experiment on October 25 1988 showed distributions of 
dissolved oxygen and algal cells at two different light 
regimes. Six large polycarbonate cores (5.1 cm ID and 30.5 cm 
long) and six small cores were taken from the South Skunk 
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River. The cores were wrapped with aluminum foil and placed 
in a circulating water bath at 20°C. The cores were bubbled 
with air. One set of 3 large cores and 3 small cores was 
illuminated with artificial light at 2000 /Ltmoles s""^m~^ and a 
second set at 500 jLtmoles s~^m''^ for 2 hours. After 
incubation, dissolved oxygen and algal distributions were 
determined. Vertical distributions of algal cells and 
dissolved oxygen are shown in Figure 49. 
The distributions of algal cells showed similar patterns 
in the two different light regimes, with the highest 
population density at surface layers. However, the population 
density in the top 4 mm at low PPFD was less than that 
observed at high PPFD. The major constituents of the sediment 
were epipelic Cyanophyta, Chlorococcales and diatoms. The 
comparison of depth profiles of oxygen in the two different 
light regimes revealed that at a PPFD of 2000 jLimoles s~^m~^ 
oxygen concentration approached 240% of saturation in the 
uppermost 1-2 mm of sediment. Algal cell numbers were highest 
at 0-1 mm depth. The occurrence of high dissolved oxygen at 
lower levels is due to downward diffusion of oxygen from the 
photic zone. The dissolved oxygen didn't extend beyond 6 mm 
depth at high light and 4.5 mm at low light. In addition, the 
concentration of dissolved oxygen was much lower under low 
light conditions. 
108 
On most occasions, diatom abundances in the field were 
greatest at the depths where oxygen was available. It is 
obvious that this depth might contain the photosynthetically 
active part of the diatom population. However, portions of 
the diatom populations were located in non-illuminated lower 
parts of this top layer. Motile diatoms such as Amphora. 
Navicula and Nitzschia are able to position themselves in the 
top layer of the sediment by their photo, chemo, and geo-
taxis, combined with their rhythmic responses to light (Harper 
1977). Position in the vertical gradient of light and 
migration down into the sediment is a widespread feature of 
benthic diatoms as well as other algae inhabiting relatively 
stable sediments (Palmer and Round 1965). Comparison of 
population densities of different diatom species located at 0-
4 mm depth where oxygen is available revealed that this 
oxygenated zone supported more cells than lower levels. 
However, when the population density in 0-2 mm depth intervals 
was considered, even more cells were found in this level of 
sediment. It is usually argued that diatom cells in deep 
sediment layers probably depend on heterotrophic metabolism 
for their survivorship. Hellebust and Lewin (1977) indicated 
that heterotrophic growth in many small-celled species of 
genera Navicula. Nitzschia. and Amphora is common. The 
supposition that heterotrophy in these organisms is related to 
their occurrence in muddy sediments is supported by 
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observations on pennate diatoms by Admiraal and Peletier 
(1979). Navicula salinarum. a species with heterotrophic 
potential has been found to form almost a monoculture on 
organically polluted mudflat (Admiraal et al. 1982). Also, 
several diatom species are capable of mixed autotrophic and 
heterotrophic metabolism, i.e., they use a restricted 
illumination together with an organic carbon source for growth 
(Admiraal and Peletier 1979, Hellebust and Lewin 1977). 
In the deeper sediment layers, oxygen does not penetrate 
and diatom cells are subjected to prolonged anaerobic 
conditions. Admiraal and Peletier (1979) reported that 
diatoms from salt marshes survived a period of 1-2 months in 
the dark under either aerobic or anaerobic conditions. On the 
other hand, Moss (1977) indicated that freshwater diatoms are 
sensitive to depletion of oxygen when they are kept in 
darkness for 5-20 days. It seems that the ability of diatoms 
to survive under anaerobic condition is partly because of 
reduced metabolic activity. In anaerobic conditions, epipelic 
diatoms are also confronted with toxic compounds that 
accumulate in sediments. There are sulfur-bacteria in 
anaerobic layers of sediment which liberate toxic compounds 
such as H2S and NH3 (Fenchel and Riedl 1970). 
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Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime (A) and nighttime (B) on June 1st 1989. 
Each figure represents 3 D.O. measurements 
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Figure 42. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime (A) and nighttime (B) on June 5, 1989. 
Each figure shows 3 D.O. measurements 
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Figure 43. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime (A) and nighttime (B) on June 9, 1989. 
Each figure shows 3 D.O. measurements 
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Figure 44. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime (A) and nighttime (B) on June 13, 1989. 
Each figure shows 3 D.O. measurements 
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Figure 45. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime on June 17, 1989. Each figure shows 2 
D.O. measurements 
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Figure 46. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime at sun (A), shade (B) and nighttime (c) on 
June 21, 1989. Each figure shows 2 D.O. 
measurements during day and 3 during night 
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Figure 47. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime (A) and nighttime (B) on June 25, 1989. 
Each figure shows 3 D.o. measurements 
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Figure 48. Depth distribution of dissolved oxygen (lines) and 
diatom cells (bar) in stream sediment during 
daytime at sun(A), shade (B) and nighttime (C) on 
June 29, 1989. Each figure shows 3 D.O. 
measurements 
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An experiment in the lab showed how stream epipelic algae 
respond to aerobic and anaerobic conditions. Twelve cores 
were collected from stream sediment and a stopper was placed 
on the bottom and top of each core. Three cores were 
sectioned as described in the Materials and Methods and the 
population densities of dominant species were determined. The 
remaining nine cores were incubated under three different 
conditions. Three cores were bubbled with air and three with 
N2 in an effort to produce aerobic and anaerobic conditions. 
The three remaining cores were labeled as controls and were 
not bubbled. The cores were incubated in a growth chamber in 
darkness for 24 hr at 15°C. After this incubation period, the 
cores were sectioned and the population densities were 
determined. The results are shown in Table 9 and Figure 50. 
Table 9. Population density of Navicula radiosa (Mean cells 
mm" ± SE; n=3) in core samples incubated for 24-h at 
15°C in aerobic and anaerobic conditions 
Depth(mm) 0-2 2-4 4—6 6-8 
0
 
rH 1 C
O 
aerated 479±10^ 44±3 32±2 21±2 11+2 
anaerobic 165±7 151±10 42±5 25±4 19±3 
control 402±7 125±6 46±6 30±1 20±3 
original 384±30 151±7 40±6 24±3 19±1 
^Standard error. 
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Figure 50. Distribution of Navicula radiosa in aerated and 
anaerobic conditions. Bars represent standard 
error of mean, n=3 
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The results indicated that there were marked reductions 
in population densities of species under anaerobic conditions. 
This experiment also shows that in the aerobic treatment, a 
higher percentage of cells was in the top 0-2 mm than in the 
control and original samples. In the aerobic treatment, more 
than 80% of the cells were found in 0-2 mm level, whereas in 
anaerobic condition only 40% of cells were in 0-2 mm level. 
In anaerobic condition more cells (36% compared with 7% in 
aerobic ) were found at 2-4 mm. There is evidence that an 
increased sensitivity to oxygen prevents Surirella gemma from 
entering lower, anaerobic layers of mud (Hopkins 1966). Also, 
Hopkins (1969) showed that S. gemma and Pleurosigma angulatum 
move toward air. The experiment implies that high population 
densities of diatom in surface layers may be related to the 
availability of more dissolved oxygen at this level. 
The apparent effects of oxygen distributions on epipelic 
algal distributions underscore the importance of understanding 
in situ patterns of oxygen distributions in stream sediments. 
It cannot be assumed that oxygen distribution in cores 
collected and returned to the lab for analyses will match 
distributions in situ. In isolated cores, oxygen is 
transported into the sediments essentially by diffusion only, 
whereas in situ, there is a potential for bulk flow of water 
and solutes across the sediment water interface, especially in 
flowing waters. In addition, stream sediments show 
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significant spatial heterogeneity even over relatively small 
spatial scales. This is illustrated by measurements of 
dissolved oxygen in the South Skunk River in July of 1989. 
Study of dissolved oxygen distributions during July 1989 
in the South Skunk River revealed that the distribution was 
different from that observed in Bear Creek in June. The 
sediment in the South Skunk River was undulating and consisted 
of ridges and hollows. Study of distribution of dissolved 
oxygen revealed that there are sometimes differences in the 
distribution of dissolved oxygen in these two sites, i.e., 
ridges and hollows. On July 21, for example, oxygen 
penetrated to approximately 5 mm depth in ridges. At the same 
time, the oxygen penetrated to 7 mm depth in hollows. On July 
31 oxygen was found down to 5 mm depth at ridges, and at 
hollows was found down to 3 mm depth. Distribution of oxygen 
during night in ridges and hollows did not show any major 
difference. Study of oxygen distribution in silty sediments 
of the South Skunk River on July 26 and 31 revealed oxygen 
penetration down to 5-12 mm depth. The oxygen concentration 
was less than 5% of saturation at depths between 5-12 mm. 
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CONCLUSION 
The study of the vertical distribution of epipelic algae 
in stream sediment revealed that the major fraction of the 
epipelic population was found in the top 1-2 cm of sediment. 
However, a large number of cells was found in dark zones of 
sediment below the photic layer. The occurrence of diatoms in 
dark sediment layers suggests that these diatoms may use 
heterotrophic metabolism for growth. Incubation of diatoms 
from surface layers and dark zones of sediment indicated that 
these diatoms are viable and survive in aerobic conditions. 
However, dissolved oxygen profiles measured in situ indicated 
that a large part of sediment where viable cells were found is 
anoxic, and there is no evidence that diatoms are capable of 
sustained anaerobic metabolism or of growth under anaerobic 
conditions. Laboratory experiments suggested that under 
anaerobic conditions not only was there no evidence of growth 
but also that mortality increased with increasing depth. 
There were differences in population densities of diatoms 
during day and night and it was concluded that these resulted 
from a balance of growth, mortality, and loss of cells from 
the site of production. However, diurnal migration patterns, 
reported in lake and marine samples, were not observed in this 
study. Migration and distribution patterns of algae may have 
been strongly influenced by the more turbulent nature of the 
stream environment and resulting instability of sediments. 
Stream flow significantly affected algal distribution and 
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great numbers of cells were apparently lost from their site of 
production. 
The study revealed that both the distribution of diatoms 
and dissolved oxygen may have been influenced by each other. 
Large numbers of diatom cells were found at depths where 
oxygen concentration was high. Photosynthesis by diatoms 
resulted in high oxygen concentrations in the upper few 
millimeters of the sediment, and the depth of oxygenated 
sediment also varied as a result of light conditions. Both 
respiration and lack of photosynthesis during night may be 
responsible for this. Anaerobic conditions often occurred 
below 7 mm depth during day and 4 mm depth during night and in 
most cases there was little variations between oxygen profiles 
taken about the same time. However, due to spatial 
heterogeneity of stream sediments, there were sometimes 
significant differences in the distribution of oxygen even 
over small spatial scales. 
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